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ong-lived: Run I summary

CMS long-lived particle searches, lifetime exclusions at 95% CL
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Long-lived searches at 8 TeV

- Displaced photon + MET (timing)



CMS ECAL
[https://cds.cern.ch/record/2063495] 5
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Photon + MET (timing)
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Beam halo background
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Halo timing

19.1 fb7 (8 TeV)

U‘) |
< 10° CMS
& = Preliminary — EE
d 1055—
a = —— EE Halo Tagged
Q 2
| 1045—
- —
LLI u
1033—
1025—
10 =
:r’L . L RF buckets
1§ llll IJ|H£J‘ lllllllllllllllllllllllllllll
-25 =20 -15 -10 -5 0 5 10 15 20 25

ECAL Time (ns)



Halo timing
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Beam halo background
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Cosmic background
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ECAL APD hits

19.1 b7 (8 TeV)
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Photon + MET (timing): results

Upper Limit of ox BR (pb) at 95% CL

0.37 events expected, 1 observed
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Long-lived searches at 8 TeV

- Displaced photon + MET (conversion)
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Beam spot

main background: mis-measured y + jet
[http://cds.cern.ch/record/20198627In=en}

16


http://cds.cern.ch/record/2019862?ln=en

Conversion results

dxy distribution estimated from CR of y + jet events
with no MET

19.7 fb™" (8 TeV)

—
o
N

CMS —e— Data

Pre[iminary SM BaCkground
SM Background Error

—— GMSB(180 TeV, 0.4 cm)
——— GMSB(180 TeV, 20 cm)

10

—
-
-
—
-
—
}——

Events / bin

\ I .;;:;;;;.;:;;;.:;;'_IE_ —

L 1 -t : R -
Conversion IdXY

17



Long-lived searches at 8 TeV

- Stopped particles
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Stopped particles

Bunch Disposition in the LHC, SPS and PS
LHC (1-Ring) = 88.924 us
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SPS 727 LHC

|
np Beam Gaps
L, t, = 12 missing bunches (72 bunches on h=84)

1, = 8 missing bunches (SPS Injection Kicker rise time = 220 ns.)

7, = 38 missing bunches (LHC Tnjection Kicker rise time = 0.94 ps.)
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> 1 BX away from collision (+ after fill)
[http://dx.doi.org/10.1140/epjc/s10052-015-336/-7] Y
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Stopped particles: signature

- ‘jet’ without collision
- beam halo veto
+ cosmic ray veto

- electronic noise in calorimeters
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Stopped particles: results

Lifetime hypothesis Leg (fb~!) Trigger livetime (s) Expected bkg. Observed

50 ns 0.121 5.0 x 104 0.661 005 0
75ns 0.271 1.0 x 10° 1.3434 3
100 ns 0.512 2.0 x 10° 2.6707 3
1us 2.864 8.4 x 10° 11.0159 6
10 ps 3.885 1.0 x 108 13.175% 10
100 ps 3.972 1.0 x 10° 13.215¢ 10
103s 3.868 1.0 x 10° 132158 10
10%s 3.004 1.0 x 106 132758 10
10%s 1.727 1.0 x 10° 13.215¢ 10
106s 1.181 1.0 x 108 13.215% 10
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Long-lived searches at 8 TeV

+ Displaced dimuons (muon system)
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Displaced dimuons
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Muon-only trigger and reco
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Displaced dimuon: results

No events observed

a

s

210‘

=

1;

X 1C

%

t o

s
40-'
10

102 10" 1 10 12 10° 10* 10° '.i)ﬁ
ct [cm

a{H—= XX)B(X— p'w) [po]

10+

10~

Otservad limits

My = 20 Gcwc?

m, = 50 Gevic*

i Exoected |imits (= la)
m, = 20 GeVic*

T

L L B AL
N

‘IT]I

L
-

|

T

Otservad limils
e my,=20GeVic’
| —m— m, =50 GeVic"
—&— My = 150 GeVic*
i Exoected |imits (= k)
my = 20 GeVic’

M
\

T

TTI

UL

Ll DR B B L

20.5 b (8 TeV)

CM™MS Prelimihary
m,, = 125 GeV/ic® =

E
il

205" (8 TeV)

I lllll L III L L

CMS Preliminary —
m, = 400 GeV/ic?

IIIIII
._lllll[

Lol poonl L i

¢ 1 10 10°

10° 10* 10°

ct [cm]

2051 " (B TeV)

T l”ll LI | 1[ T IITII LI L

g 10°E Chbservad limils
— F —@— My =20 GeVic’
A m My =50 Gevie’
= Exoected |limits (= )
1 0% my =20 GeVic’
X F \
2 \
R E :
1 \
% \

107

10°¢

:1 o cvewal ol

11 T II'] T ll‘ll R B | B

CMS Preliminary
m,, = 200 QeV/c*

#

| - lllll

LLLLL

|

lll

lllll

Ll

B VARSNRN 1 B U0 1 001 1 W

102 10" 1 10 10?

10%1 Observed limits
F @ m, =20 GeVic®

| —m— my, =50 GeVic*

102} —*— M =150 GeVie®
F o m, = 350 GeVie?

My = 20 Gevie®
\

N

i
o ll
—y

o(H—= XX)B(X—p*) [pb]
o

Exoccted limits (7o)

" o
10-2 = ‘.:? '.f
_ Kigw'
10°F e

SR vl [N

10° 10%

el

10° 1
ct [em

20.5tb 7 (8 TeV)

CMS Preliminary
m,, = 1000 GeV/c?

=
E |

| I | Jllllll 1

||

™
el I

L

.‘-.
Y

N

4

‘ L1 llll 1

PRI 1 B AT !

10" 1 10 10°

10° 10' 1Q°
c't?cm]

25



Long-lived searches at 8 TeV

- Displaced dijets
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Displaced dijets
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Displaced dijets — background
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Displaced dijet:
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Displaced dijet — results
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Long-lived searches at 8 TeV

- Displaced dileptons (tracker)
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Pairs of displaced dileptons
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Background estimation
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Displaced dileptons — results
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Long-lived searches at 13 TeV

- Heavy Stable Charged Particles (HSCPs)
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HSCPs: energy loss
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HSCPs: TOF
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HSCPs: results
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HSCPs: results

129" (13 TeV) 129fb‘(13 TeV)
— M I \ I I I I é I I 3 1 TS I [ | ! !
-8_ 10 3 CMS Tracker - Only = of *‘CMS \ Tracker + TOFE
— - Pr ehmmary 1 . Prel(mm .
c [ \ - © - ‘ -
c B Theoretical Prediction —»— gluino; 50% §g - C I Theoretical Prediction —v— gluino; 50% gg
2 i =¥ gluino (NLO+NLL) = 9|Uf00; 10% go = 3 1 3 gluina (NLO#NLL) —— gluino; 10% gg 5
é A - stop (NLO+NLL) —a— gluino; 10% gg; CS 3 é SR | stop (NLO-NLL) —=— stop =
- —u— stop 7 L _
= - P stau; dir. prod. (NLO) . — r - stau, dir. prod. (NLO) —e— stau; dir. prod. 7
_J H — stop; CS . - . -
O i - stau (NLO) stau; dir. prod. O 1 : ~ stau (NLQ) —&— Stau
10 'E L 1QI = 1e (LO) = 10 "= ¢ |Q| = 1e (LO) + |Q[=1¢ E
0 - —e— Slau . 0 Bt .
o | = QI = 2¢ (LO) —o— |Q] = 1e . Y i == 101 =20 (LO) —1Ql = ]
m L . N\, e m (Y ) -
(0 )] LY B \\ Q| =2e N (0)) L : i
10°F | 1072 —
: % <
N T
107 10° = — E
-4 | | 1 -4 ! ! ! | | | | | |
10 0 1000 2000
Mass (GeV)

42



Long-lived searches at 13 TeV

- Displaced leptons — ep channel
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Displaced leptons (ep)

CMS Simulation
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Displaced leptons: strategy
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Displaced leptons: strategy
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Displaced leptons: strategy
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Displaced e(n) modeling
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Displaced e(n) modeling

<Entries /cm > (Unit Area Norm.)

—F+e -e1

26f'(13 TeV)
™

10 ?:l T ‘[ T T I T T L3 I LR L I T I L ]’ LI L) [ TP rT L :
- CMS —+— HF + e Control Data -
| Preliminery —4— e-u Contral Data -

1E =
8 =
= CR I vs I :
107 = =
- .-.- =
L - il
102 I =
- ++ 3
: . :
R i
107 | =
o —a— =
:l | - l L1 1 I L1 1 I L R | L 11 I | I . I L1l L1 1 I L1 11 L1 1 I:
4 l
5 2 e + ‘ -
2 ] . . . !

0 0.1 0.2 0.3 0.4 0.5

electron 'dc.' [cm]

displaced e

< Eniries /em > (Unit Area Norm.)

10

—_
C

26t (13 Tev)

IIII 1

- CMS

Preliminsry

|

1 I“Tll

o Tmnn

L]
a

IT11IIIIT TIII1I IIIIIIII

—— HF + p Control Data_
—#— e-u Gontrol Data

CRIVvsli

IIITIT L L~

| lllllll

L L1

HF +p. - 2

cu

102

Ty
—4

’

'

+

ITIHI

+

|

1| 1] lllll

llllll

]

lllllll

[ ITTITII

!

Illlllll

"

Illl | llllll llllll llllll

|

11 1|

| |

P S B

0.3 0.4

0.5

muon Idol [cmj

displaced u

51



Displaced ep: results
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Displaced ep: results
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Future directions

-+ Currently updating 8 TeV results to 13 TeV
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Future directions

- New analyses based on new triggers — e.g.
dedicated trigger for displaced jets
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Future directions

- Systematic re-interpretation of prompt search
results in terms of long lived sighatures
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